Methods: Floristic surveys were conducted in three types of forest-grassland interface, which can be stable or the result of edge displacements due to afforestation or deforestation. The sample comprised a total of 132 plots in 22 forest-grassland interfaces. Point-biserial correlation coefficients were used to classify the species into several groups in stable interfaces: forest, edge or grassland specialists and generalists. Using LMMs and Tukey's HSD tests, the total species richness and that of each species group were compared between the plot positions (i.e. distance-to-edge) and between the stable interfaces and cases of afforestation and deforestation. To evaluate the relative influence of the edge effect (plot position) and edge displacement (afforestation/deforestation) on plant community composition, CCAs and variation partitionings were performed.
Introduction
Plant communities result from the assemblage of species belonging to different specialist species pools and a generalist species pool. Due to contrasting environmental conditions between habitats, specialist species occupy ecological niches that are often restricted to a single habitat, while generalist species occupy broad ecological niches that overlap several habitats (Hurlbert 1978) . Edge effects, which are the consequence of the environmental gradients between two habitats, may increase species distribution overlap by reducing environmental stress, thus facilitating the transgression of specialist species to an adjacent habitat. These environmental gradients can also generate specific conditions for the presence of edge specialist species at habitat edges Berg es et al. 2013) .
Forest-grassland interfaces may be natural, such as some altitudinal treelines, or man-made, which is the case in most agricultural landscapes. Different patterns of plant community species richness and composition have been reported along forest-grassland interfaces depending on their origin (Lloyd et al. 2000; Strayer et al. 2003) . Manmade forest-grassland interfaces can be classified as "soft" when the edges are large with gradual transitions in height and plant density, or "sharp", when the edges are narrow and characterized by abrupt changes (Herlin 2001) . The "sharp" man-made forest-grassland interfaces are dependent on regular human-induced disturbances, such as mechanical cutting of trees in edges or grazing by livestock. An increase in plant species richness is more often reported near the edge than a decrease (Murcia 1995; . For plants, this higher species richness may be explained by two complementary mechanisms: (i) spillover and (ii) edges as enhanced habitats . Spill-over or "mass effects" refers to the dispersion of habitat specialist species into adjacent habitats. The higher species richness near edges is due to proximity and to the inability of species to penetrate more deeply into the adjacent habitat . Edges as enhanced habitat may allow the establishment and persistence of a mixture of species from adjacent plant communities through the reduction of environmental stress (Marchand & Houle 2006) and/or allow the existence of edge specialist species that require the environmental conditions found at the edge (Lloyd et al. 2000; Ries & Sisk 2010) .
Man-made forest-grassland interfaces vary in stability over time due to land-use changes (Harper et al. 2005; Pellissier et al. 2013) . When these interfaces are stable over a long period of time, the edges are considered to be less permeable to abiotic and biotic flows (Harper et al. 2005) . Plant communities, at least in terms of species composition, should strongly diverge on either side of the forestgrassland boundary, favouring specialist species to the detriment of generalists. In contrast, edge displacements by afforestation or deforestation create transient habitats that are more favourable to generalist species (Vellend et al. 2007; Bergamini et al. 2009 ). In the case of unstable edges, recent habitats are prone to plant extinction debts and colonization credits (also called immigration credits; Jackson & Sax 2010) . Some species in the pre-existing plant communities can take a long time to disappear while others, which belong to future plant communities that are expected to become established after the land-use change, may stay absent for a long time (Bossuyt et al. 1999; Verheyen et al. 2003) . The role of these historical factors in present edge patterns has seldom been addressed. Berg es et al. (2015) showed that, due to the expansion of forests in France since 1830 and to the preferential localization of the recent forests at the peripheries of ancient forests, the colonization credit can be confused with edge effects over long distances (sometimes > 1 km). For species-poor preexisting plant communities, as in the case of the afforestation of former agricultural fields, the extinction debt process is weak (Vellend et al. 2007 ). The study of displacement of forest-grassland boundaries offers the opportunity to characterize the role of extinction debt in initially species-rich communities. For example, if colonization by new species is faster than the extinction of the original species following edge displacement, the result should be a higher number of habitat specialist species (mixture of forest and grassland specialists) in recent habitats (Jackson & Sax 2010) .
Therefore, edge effect and edge displacement could have interactive effects on the distribution of species in plant communities at habitat interfaces, such as between forests and grasslands. The study of edge displacements between forests and grasslands allowed us to: (i) characterize the distribution of specialist and generalist species pools along forest-grassland interfaces; (ii) assess the effect of edge displacement on these species distributions in recent habitats; and (iii) disentangle the relative influence of edge displacement (extinction debt and colonization credit) from that of the edge effect (spill-over and edges as enhanced habitats) on the presence or absence of plant species in ancient and recent habitats.
Our specific research questions were as follows:
1 Along stable forest-grassland interfaces, what are the patterns of plant communities in terms of richness and floristic composition? Are there specific species at the edge and/or transgressions of specialist species (forest or grassland specialists) between adjacent habitats? 2 How does edge displacement alter the observed distance-to-edge plant diversity patterns? What are the relative influences of the edge effect and edge displacement in forests and grasslands?
Methods

Study area and site selection
The study was conducted in the Lorraine regional natural park (PNRL) To avoid confounding factors other than the edge effect and the edge displacement, the interfaces were then selected according to several environmental criteria: homogeneity of topographic positions (thalwegs and footslopes) among interfaces and adjacent land uses based on the calculation of a topographic position index (TPI) at a scale of 250 m (Land Facet Corridor Designer, v.1.2.884, http://www.jennessent.com), minimum area of both adjacent land uses (≥1 ha) to ensure having a core area, linearity of the edge to avoid multiple edge effect, no intersection by a path or stream, absence of war disturbances (e.g. trenches), and finally, mature forests without recent logging and meso-hygrophilous meadow grasslands without apparent grazing. The choice to select sites among thalwegs and footslopes was due to the nearly exclusive distribution of ancient grasslands in these topographic conditions (over 70% of the ancient grassland area in thalwegs or footslopes according to the TPI). With GIS, 113 forestgrassland interfaces were preselected, and after field surveys, the interfaces that did not exactly comply with the above criteria were discarded. Ultimately, 22 forest-grassland interfaces were retained for our study.
Study design
Three types of interfaces with different habitat histories were sampled: (i) stable interface, i.e. ancient edge with ancient forest (AF) adjacent to ancient grassland (AG) (eight sites); (ii) unstable interface linked to an afforestation process, i.e. recent edge with recent forest (RF) adjacent to ancient grassland (AG) (seven sites); and (iii) unstable interface linked to a deforestation process, i.e. recent edge with ancient forest (AF) adjacent to recent grassland (RG) (seven sites). Therefore, four habitat histories (AF, AG, RF, RG) combining two histories (ancient, recent) and two habitats (forest, grassland) were sampled. Each interface included a transect of six plots that were positioned in each habitat at three increasing distances from the forest-grassland boundary, referred to as the plot position: edge, periphery and core (Appendices S1 and S2). Each plot had an area of 2 m 9 50 m (100 m²) and was oriented parallel to the forest-grassland boundary. The boundary between forest and grassland was defined according to the following three criteria: (i) the line running tangentially to the trunks of trees belonging to the upper canopy layer, (ii) the outer limit of shrubs where the tree trunks were spaced more than 10 m apart and, failing these, (iii) the limit of grassland mowing. Forest and grassland edge plots were placed adjacent on each side of the boundary. In the case of presence of a ditch (15 out 22 sites), they were slightly moved apart in order to avoid this heterogeneity. Consequently, edge plots centres were located 3.7 m apart on average. To avoid multiple edge effects in grasslands and because the depth of influence of the edge effect is recognized in the literature as being lower for grasslands (Dutoit et al. 2007; Gieselman et al. 2013 ) than forests (Murcia 1995; Harper et al. 2005) , plots were placed closer to the boundary at grassland peripheries and cores (5 and 25 m, respectively) than at forest peripheries and cores (15 and 50 m, respectively). The sample comprised a total of 132 plots in 22 forestgrassland interfaces.
Vegetation survey
Floristic surveys were conducted from May to June 2014 and before the first mowing for all grasslands. In each plot, all ligneous species <1-m high and all herbaceous vascular species regardless of height were inventoried. The abundance-dominance of all species was noted using a BraunBlanquet-like scale, recoded for analysis from 1 to 9 (Van der Maarel 1979). Although taller ligneous species were also recorded, they were not used in the subsequent analyses because there were systematically absent from the grasslands due to mowing.
Data analysis
Species pools and species richness
To determine which species were forest, edge or grassland specialists, we grouped the plots along the forest-grassland interface into three pairs of habitats referred as forest: forest core + forest periphery, edge: forest edge + grassland edge, grassland: grassland periphery + grassland core. We then used the point-biserial correlation coefficient (r pb ), which compares the abundance of species between one habitat and the others and gives a value of negative or positive association bounded between À1 and 1 for this habitat (De C aceres & Legendre 2009). For each species, only the habitat with the largest positive value was considered, and the significance of the association tested using a permutation test with 9999 iterations. Species with P-value < 0.05 were considered as specialists, in contrast to generalists or infrequent species (P ≥ 0.05). To avoid potential biases due to extinction debt or colonization credit following edge displacements, r pb coefficient calculations were only performed on stable interfaces (eight sites). As a first step, we calculated the r pb coefficient for the detection of specialist species for each single habitat (forest, edge or grassland). As a second step, we used an extension of the r pb coefficient (De C aceres & Legendre 2009) to detect specialist species of single habitats or of their combinations (forest, edge, grassland, forest + edge, forest + grassland, edge + grassland). The separation of species restricted to one of the habitats and those preferentially found in two of the three habitats allowed us to more finely characterize species preferences along the interface (De C aceres et al. 2010) . Generalist species were defined as those not significantly related to any habitat or habitat combination, but having a frequency of occurrence larger than the minimum frequency observed among specialist species (Appendix S3).
Species richness was compared between plot positions in stable interfaces (48 plots). Total species richness and richness of four groups of species were compared: forest specialists, edge specialists, grassland specialists and generalist species. These four groups were based on the r pb coefficient of association for a single habitat. The significance levels of the differences in species richness were calculated for all species and each species group between plot positions with Tukey's HSD tests following linear mixed models (LMMs) with plot position as a fixed effect and site as a random effect. For each plot position separately, the species richness was also compared between interface types (afforestation, stable and deforestation) using the same tests.
Plant community composition
To assess the relative influence of edge displacement and the edge effect on the distribution of species pools in plant communities, we conducted (i) a canonical correspondence analysis (CCA) of the species abundance for all forest and grassland plots (132 plots) constrained by the sampling scheme, i.e. the site identity (22 levels) and the combination of the six plot positions and the two historiesancient or recent (12 levels), and (ii) variation partitioning of community composition as a function of plot position and history, using the total set of plots or separately for forests and grasslands. To reduce the noise due to infrequent species, only species with three or more occurrences were taken into account in the CCA and variation partitionings (225 species for all plots, 166 species for forest plots and 210 species for grassland plots).
For each type of interface considered separately, the scores of the plots along the first two CCA axes were compared between plot positions with Tukey's HSD tests following linear models with plot position as a fixed effect. For each plot position considered separately, the scores along the first and second CCA axes were also compared between types of interfaces. In addition, the community weighted mean indicator values (CWMIV) for light availability (L), temperature requirement (T), humidity (F), soil pH (R) and N availability (N) were calculated using the plant indicator values of Ellenberg et al. (1992) . For each environmental variable, CWMIV is the mean of the indicator values of all the plant species present in a plot weighted by their abundance. The CWMIVs were used for the interpretation of the CCA axes using Spearman's rank correlation test.
The three variation partitionings were each based on one CCA and two partial CCAs according to Borcard et al. (1992) . The CCA was constrained by the plot position (six plot positions for the analysis of both habitats taken together or three plot positions for the separate analyses of forests and grasslands) and the history (four habitat histories, AF, AG, RF, RG, for the analysis of both habitats, or two histories, ancient and recent, for the separate analyses of each habitat). A first partial CCA was constrained by the history after removing the effect of the plot position and then a second partial CCA was inversely constrained by the plot position after removing the effect of the history. For each variation partitioning, the results are presented in a Venn diagram as the percentage of total variation explained uniquely by each explanatory variable and their joint effect.
Statistical analyses were carried out with R 3.0.2 (R Foundation for Statistical Computing, Vienna, AT) and the following packages were used: indicspecies for calculating r pb coefficients, nlme for LMMs, vegan for CCAs and VennDiagram for drawing Venn diagrams after the CCAs.
Results
Species pools
In total, 301 species were found in the 132 forest and grassland plots. According to the type of interface (stable, afforestation, deforestation), 244, 224 and 218 species were found, respectively. When testing the species association with single habitats in stable interfaces, the r pb coefficient significantly distinguished 79 specialist species, including 28 forest specialists, 12 edge specialists and 39 grassland specialists (Appendix S4). The other 165 species were either generalists (51 species) or were too infrequent to appear significant (114 species). When testing species associations with single and combined habitats, the r pb coefficient significantly distinguished 83 specialist species, including 14 forest specialists, 21 forest and edge specialists, eight edge specialists, seven edge and grassland specialists and 33 grassland specialists (Appendix S5). Among the other 161 species, 47 were generalists and 114 infrequent. Half of the 28 forest specialist species identified by the first classification transgressed into edges, i.e. preferred the combination 'forest + edge' in the second classification, while only five of the 39 grassland specialists preferred the combination 'edge + grassland'.
Species richness along stable forest-grassland interfaces
When comparing the species richness per plot position in stable interfaces, the total species richness in grasslands was significantly higher at the edge and decreased towards the core (Fig. 1a) . No significant differences were observed in forests (P > 0.05). There was an abrupt decrease in total species richness from grassland edge to forest edge, although these two plots were located a few meters apart. As expected, the number of forest specialists decreased from forest core to grassland core, regularly and significantly from the forest to grassland periphery (Fig. 1b) . A reverse but stronger pattern was observed for grassland specialists: the gap in species richness between the grassland edge and forest edge was larger, and these grassland species were nearly entirely lacking at all three forest positions. Species richness of edge specialists, but also of generalist species, was highest at the edges of each habitat and more or less significantly decreased towards the cores. Edge specialists were still significantly present in forests, at the periphery and core positions, but nearly absent in grasslands.
Species richness at each plot position according to the type of interface
Total species richness at the three forest positions (core, periphery and edge) was higher in the afforestation than in stable and deforestation interfaces (Fig. 2a) . At the three grassland positions, in contrast, total species richness in the afforestation interfaces appeared lower (but not significantly) than in the stable interfaces, particularly at the grassland edge, while total species richness in the deforestation interfaces was highest for all three positions.
For forest specialists (Fig. 2b) , species richness in the afforestation interfaces appeared lower (but not significantly) than in the stable and deforestation interfaces, regardless of position. Conversely, when examining grassland specialists (Fig. 2c) , species richness in the afforestation interfaces was significantly higher than in the stable and deforestation interfaces for the three forest positions. For edge specialists (Fig. 2d) , the species richness of the afforestation interfaces was significantly higher than that of the stable interfaces at the forest core. Regarding generalist species (Fig. 2e) , the species richness in the afforestation interfaces was higher at the three forest positions, significantly in the forest edge, but lower in the grassland edge and periphery compared to the stable and deforestation interfaces. Therefore, generalist species richness was higher in recent forest compared to ancient forest but also
All species
Species groups 
Relative influences of the edge effect and edge displacement on plant community composition
In the CCA, all the constraining variables combined explained 47.8% of the total variation in species composition. The first axis (13.6% of the total variation) was mainly related to plot position along the forest-grassland gradient (Fig. 3) . It was positively correlated (higher values in grasslands) with the CWMIV of light availability and soil humidity and negatively correlated (higher values in forests) with the CWMIV of N availability, soil pH and temperature (Table 1 ). The second CCA axis (3.9% of the total variation) was mainly related to the history (Fig. 3) , separating the former forest habitats on the negative side (AF, RG) and the former grassland habitats on the positive side (RF, AG). It was positively correlated (higher values in former grasslands) with the CWMIV of soil humidity, N availability and light availability (Table 1) .
Along the first CCA axis, the largest floristic difference between two successive plot positions was found between the forest and grassland edges of stable interfaces despite their spatial proximity (Fig. 3) ; this difference was lower in afforestation and deforestation interfaces. For the three types of interface, the periphery of each habitat was floristically more different from the edge than the core, again despite the closer spatial proximity. In addition, the three grassland positions were significantly different regardless of the type of interface (Fig 3, Table 2a ). In the case of afforestation, the three recent forest positions were significantly different from those of stable and deforestation interfaces (Table 2b ) and closest to those of grasslands (Fig. 3) . In cases of deforestation, only the floristic composition of recent grassland edge was significantly different from those of stable and afforestation interfaces and relatively close to those of forests.
On the second CCA axis, the average scores for recent forest (afforestation) were significantly higher than those of ancient forest (either in the stable or deforestation contexts) regardless of the plot position (Fig. 3, Table 2b ). In contrast, the average scores for recent grassland (deforestation) were significantly lower than those of ancient grasslands in afforestation interfaces, except at the grassland core. Moreover, regardless the type of interface, the average scores of the edge positions were highest, and the values decreased to the periphery and core positions in both habitats (Fig. 3, Table 2a ).
Analysing forest and grassland plots together, variation partitioning (Fig. 4a) showed a slightly stronger effect of plot position (5.5%) than of history (4.1%) on vegetation composition but a much larger joint effect of these two factors (11.3%). This joint effect was almost entirely the result of the habitat effect (forest vs grassland). In contrast, when analysing by habitat (forest or grassland only), the shared effects were near zero. In forest (Fig. 4b ) the variations were more due to history (7.3%) than plot position (4.2%), and in grassland (Fig. 4c ) the reverse was observed with 2.5% and 9% of the variation explained, respectively.
Discussion
Structure of plant communities along stable forestgrassland interfaces
A decreasing pattern of species richness was observed from the edge to the grassland core, which is consistent with the few studies conducted along entire forest-grassland interfaces (Erd} os et al. 2011 (Erd} os et al. , 2013 . However, no trend was found in forests, while a significantly higher species richness at the edge has often been observed in previous studies (Murcia 1995; Chabrerie et al. 2013) . Regardless of habitat, this pattern of higher species richness at the two edges seems to only be valid when the species richness of the two habitats is high (e.g. forest-grassland interface; . When the species richness of one of the Table 2 . Significance of the differences between (a) the plot positions for each type of interface, and (b) the types of interface for each plot position along the first two axes of a CCA constrained by the sampling scheme, i.e. site and combination of plot position and history. Different letters indicate significantly different average scores (P < 0.05) on the CCA axes, in decreasing order from 'a' to 'e', according to a linear model and Tukey's HSD test (n.s.: no significant differences). Type of interface: afforestation, stable and deforestation. Plot position: FC (forest core), FP (forest periphery), FE (forest edge), GE (grassland edge), GP (grassland periphery), GC (grassland core). two habitats is low (e.g. forest-arable field interface), specialist species of the richest habitat almost exclusively transgress within edges. As a consequence, species richness is expected to decrease from the core to the edge in the richest habitat but increase from the core to the edge in the least rich habitat Alignier et al. 2014 ). This may explain the ambiguous and/or reverse distribution patterns of species richness that are sometimes observed when edge studies do not include both adjacent habitats (Marchand & Houle 2006; Dutoit et al. 2007; Gieselman et al. 2013 ). In our study, both adjacent habitats were sampled, so the nearly constant species richness from the forest core to the forest edge can only be explained by the negative influence of the edge effect on the forest specialist richness and the almost total absence of transgressive grassland specialist species.
We showed an asymmetric transgression of species between habitats in stable interfaces: many forest specialist species were able to transgress the forest-grassland boundary into the grassland edge and periphery, while few grassland specialist species were able to transgress into forest. The lower number of transgressive grassland specialist species is consistent with several studies showing that most species of open habitats seem unable to penetrate the forest-grassland boundary (Brothers & Spingarn 1992; Honnay et al. 2002) . As most species of open habitats are heliophilous, an explanation is that a dense ligneous stratum at the forest edge can affect the intensity of the edge effect by reducing the amount of incident light that reaches the understorey vegetation (Murcia 1995; Honnay et al. 2002) . In contrast, the larger number of transgressive forest specialist species may be explained by their ability to colonize open habitats during natural successions and by the large range of light intensities encountered under forest canopies. The 'spill-over' mechanism favours the dispersion of forest and grassland specialist species into adjacent habitats, but 'edges as enhanced habitats' only permits the establishment and persistence of forest specialist species at the grassland edge and periphery. In addition, the higher species richness of grassland edges relative to forest edges was mainly due to the larger number of generalist species (see also Liira & Paal 2013) , probably because grassland edges are more heterogeneous and less ecologically constrained than other positions.
Our study found marginal existence of edge specialist species in stable forest-grassland interfaces. Only 12 species out of 244 (4.9%) were significantly associated with edges when r pb coefficient calculations used single habitats, and only eight species when calculations used habitats and their combinations. In agreement with these results, the few quantitative studies on edge species have reported a small number of edge specialist species (Lloyd et al. 2000; Erd} os et al. 2011) .
Colonization credits and extinction debts induced by edge displacements
Several forest species, particularly zoochorous or anemochorous species, have rather good dispersion abilities (Bossuyt et al. 1999; Bellemare et al. 2002) , but other forest species, particularly ancient forest and core specialist species, are particularly poor dispersers (Matlack 1994; Verheyen et al. 2003) . Our observation of a lower forest specialist richness in recent forest and in the adjacent grassland edge following afforestation confirms the existence of a colonization credit due to the absence of the poorly dispersing species (Bellemare et al. 2002) . In contrast, forest specialist richness was higher in recent grassland following deforestation. This extinction debt may reflect the long persistence capabilities of forest specialist species, which have mostly perennial underground organs such as bulbs or rhizomes . Like most grassland species, such functional traits allow these forest species to withstand disturbance from agricultural practices (Lavorel et al. 1997 ). They are also probably able to tolerate high levels of light for a period of time.
Grassland specialist species were found to be almost absent in ancient forest, even at the forest edge, and they showed an extinction debt in recent forest. To a lesser extent, the edge specialist species also exhibited higher richness in recent forest, reflecting an extinction debt. There are two possible explanations for these extinction debts: (i) either grassland and edge specialist species have long persistence capabilities and their populations are declining slowly over time (Hylander & Ehrl en 2013) , or (ii) variations in micro-environmental conditions in time and space, particularly in recent forest, allow the intermittent establishment and persistence of grassland and edge specialists over long periods (Albrecht et al. 2016) . Two other indirect explanations may also be considered: (iii) the complete closure of the forest canopy is a long process, which guarantees decades of environmental conditions that are relatively close to those required by grassland and edge specialist species, notably in terms of light availability (Chabrerie et al. 2013) , and (iv) edge displacements by afforestation are probably more recent than those linked to deforestation in our study region. According to these explanations, recent forests could be more or less longterm shelters for some grassland and edge specialist species. It must be noted that, without consideration of land-use changes, specialist species in extinction debt in recent habitats may have falsely appear to be generalists. Finally, generalist species were more numerous in recent forest, and to a lesser extent, in recent grassland compared to ancient habitats. In these recent habitats, the ratio of habitat specialist species to generalist species decreases at least in the short and medium term (see also Liira & Paal 2013) , but this ratio could increase again following the recovery of the environmental conditions in the new habitats and the payment of the colonization credit after a 'relaxation time' (Diamond 1972) .
Because of the preferential extension of recent forests at the periphery of the ancient forests, the extinction debt and the colonization credit can be confused with edge effects over long distances Pellissier et al. 2013) . Our results validate the edge displacements as an important explanatory factor of the variability in the distance of influence of edge effects found in the literature (Harper et al. 2005) .
Relative influences of the edge effect and edge displacement on the distribution of plant species
Within stable interfaces, plant communities showed their strongest differences in species richness and floristic composition between forest edges and grassland edges, which confirms that the ancient edges form a low-permeability barrier to specialist species between adjacent habitats (Chabrerie et al. 2013; Cousins 2013) , with the notable exception of transgressive forest specialist species. Although smaller differences in species richness and floristic composition were observed between forest edges and grassland edges in the afforestation and deforestation interfaces, our results do not allow us to determine whether a higher permeability of recent edges interferes with the process of extinction debts and colonization credits. Nevertheless, these results reflect the strong differences in the ecology of species between forest and grassland, the latter being more heliophilous and hygrophilous, but rather less nitrophilous, basophilic and thermophilic. Despite controlling for topography during the selection of study sites, the plant communities of grasslands appeared more hygrophilous than those of forests, which may reflect either improved moisture retention in grassland soils or preferential creation of grasslands by farmers on the wetter soils. Furthermore, we found higher proportions of heliophilous, hygrophilous and nitrophilous species in recent forest compared to ancient forest. In contrast, recent grasslands had proportionally fewer heliophilous, hygrophilous and nitrophilous species than ancient grasslands, but only at the edge and periphery. Consequently, autecology of species confirms the interactive effects of extinction debt and colonization credit with the 'spill-over' and the 'edges as enhanced habitats' mechanisms at the recent grassland edge and periphery. At grassland cores, floristic compositions were very similar regardless of the type of interface, which may reflect the homogenizing effect of more intensive management practices at the core compared to the periphery and edge (Gaujour et al. 2012) .
Finally, the influence of edge displacement was shown to be larger than that of the edge effect in forests, while the opposite was found in grasslands. Our results confirm a slower ecological succession in recent forests resulting from afforestation compared to recent grasslands resulting from deforestation, which promoted extinction debt and colonization credit on the one hand and partly masked the edge effect on the other. In contrast, deforestation and mowing practices appear responsible for the rapid succession in recent grassland, at least at the grassland core, thus limiting the effect of land-use change in favour of the edge effect. Our results demonstrate a space-time link between forest and grassland resulting from the combined effects of distance-to-edge and land-use change on the species composition of plant communities in forest-grassland interfaces. Thanks to the study of the afforestation of grasslands and of the deforestation, we could highlight the role of extinction debt in addition to that of colonization credit. Because edge movements have been common during the last centuries in our changing agricultural landscapes, patterns of species distribution according to distance-to-edge can only be understood when considering former land-use history.
